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PATENT 



OFF-ROAD VEHICLE WITH WHEEL SUSPENSION 

Priority Information 

[0001] The present application is based on and claims the benefit pursuant to 
35 U.S.C. § 119(e) of U.S. Provisional Applications Nos. 60/459,957 and 60/459,959, 
both filed on April 2, 2003, the entire contents of which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention generally relates to a suspension system for an 
off-road vehicle. 
Description of Related Art 

[0003] Off-road vehicles are designed to be operated over rugged terrain. 
These vehicles are often operated off-road over terrain such as, for example, steep 
inclines and declines, rough roads, and areas covered in mud and water. 

[0004] Off-road vehicles typically include a frame that is supported by 
wheels. In one common arrangement, the vehicle has four wheels, i.e., a pair of front 
wheels and a pair of rear wheels. An internal combustion engine is employed to power at 
least the rear or front wheels, and most commonly, all of the wheels. Typically, the 
engine is combined with a transmission to form an engine unit. The transmission 
transfers power to an output shaft from a crankshaft of the engine. The output shaft 
drives the wheels. For example, Japanese Patent Utility Model No. JP-Y2-H6-342 1 3 
discloses such an arrangement. 

[0005] The off-road vehicles also include suspension mechanisms that 
suspend the front and rear wheels in a manner permitting the wheels to move generally 
vertically relative to the off-road vehicle frame. The frame also typically has brackets 
that journal axles of the front and rear wheels. Because the frame is formed with tubular 
members, only limited space is available to fix the brackets to the frame. Moreover, the 
particular framework to which the brackets are affixed need to ensure sufficient stiffness. 
As a result, the off-road vehicle's fundamental framework often times needs been be 
rearranged in order to meet the space and stiffness requirements for prior suspension 
mechanisms. 
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SUMMARY OF THE INVENTION 
[0006] An aspect of the present invention involves an off-road vehicle 
comprises a frame and at least one wheel. A suspension arm includes a plurality of ends 
and is configured to suspend the wheel from the frame. The frame includes at least one 
horizontal member extending generally horizontally fore to aft. A set of retainers is 
coupled to the horizontal member. The retainers are spaced apart from each other fore to 
aft. Each retainer is configured to retain one of the ends of the suspension arm in a 
manner permitting the suspension arm to swing relative to the set of retainers. 

[0007] In accordance with another aspect of the present invention, an off-road 
vehicle comprises a frame and at least one wheel. A suspension arm is configured to 
suspend the wheel from the frame. The frame includes a set of vertical members that 
extend generally vertically. The vertical members are spaced apart from each other fore 
to aft. The suspension arm is coupled to the vertical members in a manner permitting the 
suspension arm to swing relative to the frame. 

[0008] In accordance with a further aspect of the present invention, an off- 
road vehicle comprises a frame and at least one wheel. A suspension arm is configured to 
suspend the wheel from the frame. The frame includes a horizontal member extending 
generally horizontally fore to aft. -The horizontal member has a vertical surface that 
extends generally vertically. A bracket unit is placed on the vertical surface of the 
horizontal member. The bracket unit is configured to retain at least a portion of the 
suspension arm in a manner permitting the suspension arm to swing relative to the frame. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The foregoing and other features, aspects and advantages of the present 
inventions are described in detail below with reference to the drawings of preferred 
embodiments which are intended to illustrate and not to limit the inventions. The 
drawings comprise 13 figures in which: 

[0010] FIGURE 1 is a side elevation view of an off-road vehicle configured in 
accordance with a preferred embodiment; 

[0011] FIGURE 2 is a top plan view of the off-road vehicle of FIGURE 1 ; 

[0012] FIGURE 3 is a side elevation view of an engine unit of the off-road 

vehicle; 

[0013] FIGURE 4 is a schematic top plan view of the engine unit; 
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[0014] FIGURE 5 is a side elevation view of the engine unit illustrating a 
linkage of a change speed mechanism, wherein frame fnembers extending adjacent to the 
engine unit also is partially shown; 

[0015] FIGURE 6 is a top plan view of the engine unit and the linkage of the 
change speed mechanism, wherein some of the frame members disposed over the engine 
unit are also shown; 

[0016] FIGURE 7 is a perspective view of a portion of a frame of the off-road 
vehicle including the frame members of FIGURES 5 and 6; 

[0017] FIGURE 8 is a top plan view of the frame, wherein four wheels of the 
off-road vehicle also are shown; 

[0018] FIGURE 9 is a partial perspective view of a left-hand side of the 

frame; 

[0019] FIGURE 10 is an enlarged partial left side elevational view of the 
frame in a front area of the off-road vehicle, wherein a portion of a front suspension 
mechanism also is shown; 

[0020] FIGURE 11 is a sectional view taken s along the line 11-11 of 
FIGURE 10; 

[0021] FIGURE 12 is a partial left side elevational view of the frame in a rear 
area of the off-road vehicle, wherein a portion of a rear suspension mechanism also is 
shown; 

[0022] FIGURE 13 is a sectional view taken along the line 13-13 of 
FIGURE 12. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Overall Construction Of An Off-Road Vehicle 

[0023] With reference to FIGURES 1-6, an overall construction of an off-road 
vehicle 30 is described. Those of skill in the art will appreciate that the present 
inventions may have utility in a wide range of applications for other vehicles, such as, for 
example, but without limitation, snow vehicle, tractors, utility vehicles, and the like. 

[0024] A preferable construction or structure of an off-road vehicle similar to 
the off-road vehicle 30 is disclosed in, for example, a co-pending U.S. application filed on 
, titled "ENGINE ARRANGEMENT FOR OFF-ROAD VEHICLE," having attorney 
docket number FY.51034US1A, a co-pending U.S. application filed on , titled 

"OFF-ROAD VEHICLE WITH TRANSMISSION," having attorney docket number 
FY.51035US1A, a co-pending U.S. application filed on , titled "AIR INTAKE 
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SYSTEM FOR OFF-ROAD VEHICLE," having attorney docket number 
FY.51036US1A, a c6-pending U.S. application filed on , titled "FLOOR 

ARRANGEMENT FOR OFF-ROAD VEHICLE," having attorney docket number 
FY.51037US1A, a co-pending U.S. application: filed on , titled "STEERING 

SYSTEM FOR OFF-ROAD VEHICLE," having attorney docket number 
FY.51038US1A, a co-pending U.S. application filed on , titled "OFF-ROAD 

VEHICLE WITH AIR . INTAKE SYSTEM," having attorney docket number 
FY.51039US1A, a co-pending U.S. application filed on , titled "FRAME 

ARRANGEMENT FOR OFF-ROAD VEHICLE," having attorney docket number 
FY.51042US1A, and a co-pending U.S. application filed on , titled 

"TRANSMISSION FOR OFF-ROAD VEHICLE," having attorney docket number 
FY. 5 1 043 US 1 A, the entire contents of which are hereby expressly incorporated by 
reference. 

[0025] With reference to FIGURES 1 and 2, the off-road vehicle 30 preferably 
has an open tubular-type frame or body frame 32. The illustrated frame 32 comprises a 
main frame 34, a front frame 36, a rear frame 38 and a compartment frame (or pillar 
frame) 40. 

[0026] The main frame 34 includes a pair of side frame units 42 spaced apart 
side by side with each other (FIGURE 2). Each side frame unit 42 comprises a front 
member 42a and a rear member 42b. Each member 42a, 42b preferably is rectangular 
shape in section, but other configurations can be used. In one variation, the front and rear 
members 42a, 42b can have a circular shape in section. Moreover, the members 42a, 42b 
can have an incomplete tubular shape such as, for example, a U or C-shape- Each tubular 
member 42a, 42b though preferably has one or more vertical side surface that is generally 
flat. One of the vertical side surfaces that is located on the outside of the frame is 
indicated by the reference numeral 352 in FIGURE 11. Each tubular member 42a, 42b 
preferably extends generally horizontally fore to aft. 

[0027] A rear end of the front member 42a is bent outwardly and is coupled 
with a mid portion of the rear member 42b. A forward end of the rear member 42b is 
bent inwardly and is coupled with a mid portion of the front member 42a. As such, both 
of the front and rear members 42a, 42b are nested together. The side frame units 42 are 
coupled with each other by a plurality of. cross members 44 that extend transversely 
between the members 42a, 42b. In the illustrated arrangement, the cross members 44 are 
first, second, third and fourth cross members 44a, 44b, 44c, 44d (FIGURE 2). 
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[0028] The front frame 36 extends generally upward from a front portion of 
the main frame 34. The rear frame 38 also extends generally upward from a rear portion 
: of the main frame 34. The rear frame 38 preferably includes a pair of rear frame 
members 46. Several struts connect the rear frame members 46 to the side members 42 of 
the main frame 34 and support the rear frame members 46 above the side members 42. 

[0029] The compartment frame 40 is disposed generally between the front and 
rear frames 36, 38 in a side view as shown in FIGURE 1. The compartment frame 40 
includes a pair of compartment members 48 extending generally upward and higher than 
the front and rear frames 36, 38. The compartment members 48 are spaced apart from 
each other on both sides of the off-road vehicle 30 to be placed more outward than the 
main frame 34 in the illustrated embodiment. 

[0030] A floorboard or floor panel 50 extends in an area generally defined by 
the compartment members 48 in the top plan view (FIGURE 2) and is affixed at least to 
the main frame 34. The floorboard 50 defines a passenger compartment together with the 
compartment frame 40. As best shown in FIGURE 5, the illustrated floorboard 50 
generally is a flat panel with a portion that projects upwardly. That is, the floorboard 50 
comprises a horizontal section defining a generally flat area and a projection 52 defining a 
tunnel extending along a longitudinal center plane LC (FIGURE 2) of the frame 32 that 
extends vertically and fore to aft. 

[0031] The horizontal section can support feet of a driver and a passenger and 
also can be used as a step when the driver or the passenger enters or leaves the passenger 
area of the off-road vehicle 30. The illustrated projection 52 is configured as a trapezoid 
in section and thus has slanted side surfaces and a top surface. Other configurations also 
can be used 

[0032] The frame 32 is described in greater detail below with reference to 
FIGURES 7-13. 

[0033] The main, front, rear and compartment frames 34, 36, 38, 40 preferably 
are welded to each other. The illustrated structure and arrangement of the frame 32, and 
the combination of the frame 32 and the floorboard 50 are merely one example. Various 
structures, arrangements and combinations other than those are practicable. For instance, 
the respective frames 34, 36, 38, 40 can be provided with struts or reinforcement 
members which are not described above or will not be described below. 

[0034] With continued reference to FIGURES 1 and 2, the off-road vehicle 30 
preferably has a pair of front wheels 56 and a pair of rear wheels 58 both supporting the 
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frame 32. Each wheel 56, 58 preferably has a balloon tire to advantageously proceed 
over rough roads and in mud and water. The balloon tire is relatively wide and air 
pressure of the tire is relatively low. In one arrangement, the selected balloon tires are 
sized as follows: 25 x 8-12 at the front end and 25 x 10-12 at the rear end. The front and 
rear wheels 56, 58 preferably are coupled with the frame 32 through a front suspension 
mechanism 60 and a rear suspension mechanism 62, respectively. The front suspension 
mechanism 60 swingably (up and down) and independently suspends both the front 
wheels 56. The rear suspension mechanism 62 also swingably (up and down) and 
independently suspends both the rear wheels 58. Thus, the illustrated off-road vehicle 30 
- preferably features four wheel independent suspension. 

[0035] With reference to FIGURES 1 -3, the off-road vehicle 30 preferably has 
a seat unit 66. The illustrated seat unit 66 comprises a pair of seats 68 such that the driver 
and the passenger can sit side by side. The seats 68 are spaced apart from one another to 
form a space therebetween as shown in FIGURE 2. Each seat 68 preferably comprises a 
seat cushion 72 and a seat back 74. The rear frame 38, at least in part, forms a seat 
pedestal. The seat cushion 72 extends generally horizontally over this seat pedestal and is 
detachably or removeably affixed to the seat pedestal. The seat back 74 extends generally 
vertically and upward from a rear portion of the seat cushion 72. In the illustrated 
arrangement, the seat cushion 72 and the seat back 74 are formed unitarily. In one 
variation, the seat cushion 72 and the seat back 74 can be separately formed and 
assembled together. 

[0036] In this description, the terms "front" and "forward" mean the direction 
in which the driver or passenger looks straight when seated on the seat 68. Also, the 
terms "rear," "rearward" and "backward" mean the direction opposite to the front 
direction. 

[0037] The seat unit 66 can have other number of seats such as, for example, 
three seats in some alternative arrangements. Also, the seat 68 can be shaped in various 
configurations. The seat back 74 may be omitted under some circumstances. 

[0038] With reference to FIGURES 1 and 2, the off-road vehicle 30 preferably 
has a carrier or cargo box 92 behind the seat unit 66. The illustrated carrier 92 extends 
over a rear portion of the rear frame 38 and is suitably affixed at least to the rear frame 
members 46. In one arrangement, the carrier 92 can be tipped rearward to allow its 
contents to be dumped out. The carrier 92 preferably is formed generally in the shape of 
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a rectangular parallelepiped and has a bottom, a front, a rear and a pair of lateral sides. 
That is, the carrier 92 is generally configured as an open-topped box. 

[0039] With continued reference to FIGURES 1 and 2, the off-road vehicle 30 
preferably comprises a steering mechanism 104. The steering mechanism 104 in the 
illustrated arrangement includes a steering wheel 106. The steering wheel 106 is affixed 
to the frame 32 steering movement in front of the seat 68 for the driver, which is located 
or the left-hand side of the illustrated off-road vehicle 30. 

[0040] The steering mechanism 104 preferably comprises a steering shaft 110 
coupled with the steering wheel 106, a tie-rod coupled with the front wheels 56, and a 
rack-and-pinion assembly that connects the steering shaft 110 to the tie-rod. The rack- 
and-pinion assembly converts the pivotal movement of the steering wheel 106 to an axial 
movement of the tie-rod. The rack-and pinion assembly preferably is housed in a gear 
case. The driver can operate the steering wheel 106 when seated on the seat 68. 

[0041] The tie rods preferably are connected to rod sections that extend 
outward from the rack and pinion assembly. In some arrangements, an inner ball joint 
couples the rod sections to the respective tie rods. Also, an outer ball joint preferably 
couples each tie rod to a knuckle arm (not shown) that is associated with each front wheel 
56. Each knuckle arm is coupled with a king pin (not shown) that extends from an axle of 
the front wheel 56. The tie-rods move axially along with the rod sections when the 
steering shaft 1 10 is rotated. 

[0042] As described above, the vehicle 30 preferably includes four wheel 
independent suspension. In such arrangements, as discussed above, the outer ball joints 
can move around on an imaginary sphere that is defined about the inner ball joint: In 
other words, the outer ball joint can move transversely as well as around the surface of 
the imaginary sphere. The knuckle are is only capable of moving along an arc defined by 

the suspension link connecting the wheel to the frame. The knuckle arm, thus, rotates 

— * * 

about the king pin and causes bump steering unless the curve defined by the suspension 
link is consistent with the sphere defined about the inner ball joint. In addition, bump 
steering causes changes in the toe angle of the front wheels. 

[0043] With reference to FIGURES 1 and 2, a hood or bonnet 134 surrounds 
;at least a front portion of the main frame 34, the front frame 36, the front wheels 56 and a 
major portion of the steering mechanism 104. A dashboard 136 preferably depends from 
a rear portion of the hood 134. The dashboard 136 faces toward the passenger 
compartment and a meter unit preferably is disposed in a central portion of the dashboard 
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136. The meter unit preferably incorporates meters and/or gauges such as, for example, a 
speedometer, a fuel level meter and the like. Because of this meter unit arrangement, the 
driver can easily view the individual meters at a glance. ■ 

[0044] With reference to FIGURES 1-6, the off-rdad vehicle 30 has a prime 
mover that powers the off-road vehicle 30 and particularly the front and rear wheels 56, 
58. The prime mover preferably is an internal combustion engine 142. Alternatively, an 
electric motor can replace the engine 142. Engine power is transferred to the front and 
rear wheels 56, 58 through a suitable transmission 144 and a suitable drive mechanism 
146. In the illustrated arrangement, the engine 142 and the transmission 144 are coupled 
together to form an engine unit 148. The illustrated transmission 144 advantageously 
includes an endless V-belt transmission mechanism and a change speed mechanism. The 
illustrated drive mechanism 146 comprises a forward driveshaft 150 extending forward 
from the engine unit 148, a rear driveshaft 152 extending rearward from the engine unit 
148, a front differential 153 coupled with front axles (not shown) of the front wheels 56, 
and a rear differential 154 coupled with rear axles (not shown) of the rear wheels 58. 

[0045] As shown in FIGURES 1-3 and 5, the engine unit 148 preferably is 
positioned generally lower than the seat unit 66 and generally in the space defined by 
both of the seats 68. The illustrated engine 142 operates on a four-stroke combustion 
principle. The engine 142 preferably has a single cylinder block 158 (FIGURE 3) that 
extends generally upward and rearward from a lower section of the engine unit 148. That 
is, the cylinder block 158 has a cylinder axis CA that inclines from a horizontal plane or a 
vertical plane with a certain angle. The illustrated cylinder axis CA inclines from vertical 
- at approximately 45 degrees. 

[0046] The cylinder block 158 defines a cylinder bore therein. A piston 159 
(FIGURE 4) is reciprocally disposed within the cylinder bore. A cylinder head 160 
closes an upper end of the cylinder bore to define a combustion chamber together with the 
cylinder bore and the piston 159. 

[0047] The cylinder head 160 also defines a pair of intake ports 162 and a pair 
of exhaust ports 166 both communicating with the combustion chamber. An intake valve 
is provided at each intake port 162 to selectively open the combustion chamber to an air 
intake system 164. In the illustrated arrangement, the air intake system 164 is coupled 
with the intake ports 162 at a front surface 165 of the cylinder head 160 that generally 
faces forward and upward. The front surface 165 is positioned generally in the space 
defined between the seats 68. The air intake system 164 introduces air into the 
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combustion chamber through the intake ports 162 when the combustion chamber is 
opened to the intake system 164 by the intake valves. An exhaust valve also is provided 
at each exhaust port 166 to selectively open the combustion chamber to an exhaust system 
168. In the illustrated arrangement, the exhaust system 168 is coupled with the exhaust 
ports 166 at a rear surface 169 of the cylinder head 160 that is positioned opposite to the 
front surface 165 and generally faces rearward and downward. The exhaust system 168 
routes exhaust gases from the combustion chamber to an outside location when the 
combustion chamber is opened to the exhaust system 168. 

[0048] A cylinder head cover 170 is attached to the cylinder head 160 to 
enclose one or more camshafts together with the cylinder head 160. The camshafts are 
journaled at least on the cylinder head 160 and actuate the intake and exhaust valves at 
timings that vary generally in proportion to the engine speed. 

[0049] A lower portion of the engine unit 148, which is the balance of the 
engine unit 148, comprises a crankcase 174 which closes a lower end of the cylinder bore. 
A crankshaft 176 is journaled to extend transversely within the crankcase 174 and is 
coupled with the piston 159. The crankshaft 176 thus rotates with the reciprocal 
movement of the piston 159. The crankshaft 176 preferably drives the camshafts via a 
camshaft drive mechanism. 

[0050] With continued reference to FIGURE 4, the crankcase 174 also houses 
an input shaft for a shiftable portion of the transmission 144. The input shaft is 
positioned forward of the crankshaft 176. The lower portion of the engine unit 148 also 
comprises a V-belt housing 178 which is positioned next to the crankcase 174 in the 
illustrated arrangement. Moreover, in the illustrated arrangement, the V-belt housing 178 
is defined on the left-hand side of the crankcase 174. The V-belt housing 178 houses the 
V-belt transmission mechanism (e.g., a continuously variable transmission). Thus, the 
lower portion of the engine unit 148 (which comprises at least the crankcase 174 and the 
V-belt housing 178) also defines at least in part, a transmission housing 180. The 
transmission 144 is described in greater detail below. 

[0051] With reference to FIGURES 1-3, the illustrated air intake system 164 
extends forward to a location under the hood 134 from the intake ports 162 of the engine 
142. The intake system 164 preferably comprises a throttle body or carburetor 182, an 
accumulator or plenum chamber 184, an air intake duct 186 and an air cleaner unit 188. 

[0052] The throttle body 182 is connected to the intake ports 162 through an 
air intake conduit 192. The throttle body 182 comprises a throttle valve 194 that regulates 
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or meters a rate of airflow amount delivered to the combustion chamber. The throttle 
valve 194 preferably is a butterfly valve and generally is journaled for pivotal movement. 
The magnitude of airflow depends on an angular position of the throttle valve 1 94; when 
the throttle valve 194 is closed or substantially closed, minimal airflow results, while 
when the throttle valve 194 is fully opened or substantially fully opened, maximum 
airflow results. 

[0053] An accelerator pedal is disposed at a front end of the floorboard 50 for 
pivotal movement to control the position of the throttle valve 194. A throttle cable 
connects the accelerator pedal to the throttle valve 194. The driver thus can control the 
throttle valve 194 by adjusting an angular position of the accelerator pedal by foot. 
Normally, the greater the throttle valve 194 opens, the higher the rate of airflow amount 
and the higher the engine speed. Other suitable mechanisms and/or electrical connections 
also can be used to transmit operator demand to the throttle valve or engine. 

[0054] The throttle body 182 can be in the form of a carburetor, as a charge 
former. As such, the throttle body 182 also includes a fuel measurement mechanism that 
measures an amount of fuel mixed with the air in accordance with the rate of airflow 
amount. Because of this fuel measurement mechanism, an air/fuel charge that has a 
desired air/fuel ratio can be provided to the combustion chamber. The fuel is delivered to 
the throttle body 182 from a fuel tank (not shown) preferably disposed on the frame 32. 

[0055] Other charge formers such as, for example, a fuel injection system can 
be used. The fuel injection system can include a fuel injector spraying fuel directly into 
the combustion chamber or into a portion of the air intake system downstream of the 
throttle valve. Such fuel injection can be conducted in accordance with the rate of airflow 
amount under control of an electronic control unit (ECU), for^example. With reference to 
FIGURES 1 and 2, the accumulator 184 can be coupled with an inlet of the throttle body 
182. The accumulator 184 generally forms a portion of the intake duct 186 in the broad 
sense of the term but provides a larger volume or cross-sectional area as compared to the 
balance of the intake duct 186. Such a construction allows air to accumulate prior to 
delivery to the throttle body 182. As best shown in FIGURE 1, the accumulator 184 is 
generally shaped as an arcuate configuration. 

[0056] Such a construction advantageously smoothes the delivery of air to the 
engine. Furthermore, because the accumulator 184 has a relatively large volume and is 
disposed next to the throttle body 182, the intake efficiency of the induction system is 
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greatly improved. That is, sufficient air can be quickly supplied to the engine 142 even 
when the engine is being operated at a.relatively high engine speed. 

[0057] In the illustrated arrangement, the air intake conduit 192, the throttle 
body 182 and the accumulator 184 together extend forwardly of the engine within a 
region defined between the seats 68. Upper portions of the throttle body 182 and the 
accumulator 184 preferably are positioned slightly higher than the top ends 82A of the 
seat cushions 72. A forward-most portion of the accumulator 184 turns downward at or 
just forward of the forward end of the seat assemblies. 

[0058] Because of this arrangement, the throttle body 182 and at least a 
portion of the accumulator 184 are interposed between the seat assemblies and are 
positioned within, or just adjacent to, the space 70. Thus, the throttle body 182 and the 
accumulator 184 are positioned within a protective region of the vehicle that is located 
higher than a lowermost surface of the frame assembly or the floorboard 50. Such 
positioning reduces the likelihood that dirt and other road debris that may be kicked up 
underneath the vehicle will damage the throttle body 182 or the accumulator 184. Such 
placement also facilitates servicing of these components and protects these components 
from water damage while fording a stream, a mud bog or the like. 

[0059] The illustrated accumulator 184, which is positioned within the most 
downstream portion of the illustrated intake duct 186, ends above a lowermost surface 
defined by the rear frame section 38. The balance of the air intake duct 186, which has a 
smaller volume or cross-sectional area than the accumulator 184, preferably comprises a 
downstream section 200, a middle section 202 and an upstream section 204, which are 
provide a contiguous air flow path in the illustrated embodiment. The downstream 
section 200 extends downwardly from the accumulator 184 to a lowermost portion of the 
rear frame section 38. The middle section 202 extends forwardly in a generally 
horizontal direction from a lower end of the downstream section 200. 

[0060] With reference to FIGURE 5, in the illustrated arrangement, the middle 
section 202 extends through a tunnel defined by the projection 52 of the floorboard 50. 
Because of this arrangement, the middle section 202 advantageously is positioned higher 
than the horizontal section of the floorboard 50, which greatly reduces the likelihood of 
damage from rocks, sticks, road debris or the like. Furthermore, the driver and/or the 
passenger are able to maintain a good riding body position because the horizontal section 
51 is positioned generally vertically lower than the middle section 202. Moreover, the 
illustrated arrangement contributes to a lower center of gravity for the off-road vehicle 30 
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because the height of the seats 68 does not need to be increased to accommodate the 
middle section 202 or another portion of the air induction system. 

[0061] The middle section 202 preferably ends at a location close to the front 
frame section 36. The upstream section 204 extends generally vertically upward from the 
middle section 202. In addition, the upstream section 204 preferably is positioned within 
a space defined below the hood 134. To increase the protection from ingestion of water, 
the forward most portion of the upstream section 204 extends forward and slightly 
downward along a lower surface of the hood 134. 

[0062] The air cleaner unit 188 preferably is attached at an upstream end of 
the intake duct 186 and extends generally along the lower surface of the hood 134. The 
illustrated air cleaner unit 188 has a relatively large volume and has a cleaner element 
therein. The air cleaner unit 188 also has an air inlet port. Ambient air is drawn into the 
air cleaner unit 188 through the air inlet port and passes through the filtration element 
such that foreign substances such as, for example, dust, mud or water can be substantially 
removed from the air that is being introduced into the engine. 

[0063] The air, which has been cleaned in the cleaner unit 188, flows to the 
accumulator 184 through the intake duct 186. The airflow amount is regulated by the 
throttle valve 194 in the throttle body 182. Simultaneously, an amount of fuel is 
measured by the fuel amount measurement mechanism in the throttle body 182 in 
response to the air amount. An air/fuel charge that has a proper air/fuel ratio is formed 
and is delivered to the combustion chamber 163 when the intake valves open the intake 
ports 162. The air/fuel charge is ignited by an ignition system (not shown) and bums 
within the combustion chamber 163. The burning of the charge causes expansion of the 
gases and increased pressure that results in movement of the piston. The crankshaft 176 
is rotated within the crankcase 174 by the movement of the piston. 

[0064] With reference to FIGURES 1-3, the burnt charges, i.e., exhaust gases 
are discharged through the exhaust system 168. The illustrated exhaust system 168 
preferably comprises a pair of exhaust conduits 208 and a muffler 210. The exhaust 
conduits 208 are coupled with the respective exhaust ports 166 and extend generally 
rearward. The exhaust conduits 208 extend parallel to each other. Preferably, the exhaust 
conduits 208 have ]a wavy shape that serpentines up and down, as shown in FIGURES 1 
and 2. Rearward ends of the exhaust conduits 208 preferably extend beyond a rear end of 
the rear frame 38. The muffler 210 is coupled with the rear ends of the exhaust conduits 
208. 
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[0065] The muffler 210 preferably has a cylindrical shape. A center axis of 
the muffler 210 preferably extends generally transversely relative to the longitudinal 
center plane LC of the frame 32. The muffler 210 has a relatively large volume to reduce 
exhaust energy and noise. An outlet port 212 can be formed at a side surface which is on 
the left-hand side in the illustrated embodiment. Other arrangement can also be used. 
The exhaust gases flow through the exhaust conduits 208 and are discharged through the 
outlet port 212 of the muffler 210. 

[0066] The engine 142 can have systems, devices, components and members 
other than those described above. For example, the illustrated engine 142 can employ a 
cooling system using water as a coolant to cool the engine 142. 

[0067] With reference to FIGURES 1-4, the change speed mechanism 177 and 
the V-belt transmission mechanism together have a common output shaft 216. The output 
shaft 216 extends generally parallel to the crankshaft 176 at a location in front of the 
crankshaft 176. The output shaft 216 preferably extends through the crankcase 174 and 
the V-belt housing 178 and is journaled for rotation. The crankshaft 176 extends into the 
V-belt housing 178 and has a drive pulley 218 at an end thereof. The output shaft 216 has 
a driven pulley 220. 

[0068] The drive and driven pulleys 218, 220 both comprise an axially fixed 
pulley member and an axially movable pulley member that is axially movable along 
either axis of the crankshaft 176 or the output shaft 216. Together, the pulley members 
form a V-shaped valley that expands and contracts with changes in engine speed. 

[0069] An endless V-belt 222, which has a V-configuration in section, is 
wound around the drive pulley 218 and the driven pulley 220. Other types of endless 
transmitters, such as a chain, can also be used. Normally, the movable pulley member of 
the drive pulley 218 is urged to stay apart from the fixed pulley member by the bias force 
of a bias member such as, for example, a spring. The movable pulley member of the 
driven pulley 220 is urged to stay close to the fixed pulley member by the bias force of a 
bias member such as, for example, a spring. 

[0070] Each movable pulley member can move axially against the bias force 
by a clutch mechanism which is provided on either pulley 218, 220. The clutch 
mechanism acts by the centrifugal force created when the crankshaft 176 or the output 
shaft 216 rotates at a speed higher than a preset speed. The change in diameter of one 
pulley causes a corresponding change in the other pulley. Thus, both diameters of the 
drive pulley 218 and the driven pulley 220 vary to automatically change the transmission 



FY.51040US0A 



-13- 



ratio between the drive pulley 218 and the driven pulley 220 normally in response to the 
engine speed. 

[0071] With reference to FIGURES 1-3, the V-belt housing 178 preferably 
has an air inlet port 226 at a rear end and an air outlet port 228 at a front end. An air inlet 
duct 230 (FIGURES 1 and 2) preferably is coupled to the inlet port 226, while an air 
outlet duct 232 preferably is coupled to the outlet port 228. The inlet duct 230 extends 
generally rearward and upward and generally behind the seat back 74 on the left-hand 
side. The inlet duct 230 has an inlet opening 233 that opens forward and is positioned 
higher than top surfaces of the seat cushions 72. The outlet duct 232 extends generally 
upward and rearward and generally along a bottom surface of the seat cushion 72 on the 
left-hand side. The outlet duct 232 has an outlet opening 234 that opens generally 
rearward. 

[0072] Cooling air is introduced into the V-belt housing 178 through the inlet 
duct 230 and the air inlet port 226 while the crankshaft 176, the output shaft 216 and the 
drive and driven pulleys 218, 220 rotate. The air then is discharged through the outlet 
port 228 and the outlet duct 232. In some arrangements, one or both of the pulleys can be 
provided with fan blades to help induce higher speed air flow as the engine speed 
increases. Other embodiments can provide a ram air type of air flow. Having circulated 
with the belt chamber of the transmission, the air then is discharged through the outlet 
port 228 and the outlet duct 232. 

[0073] With reference to FIGURES 1-3, the engine output that has been 
transferred to the output shaft 216 through the V-belt mechanism is transferred to the 
drive mechanism 146 through the change speed mechanism 177. This mechanism 
preferably is configured to provide a parking state, a high speed forward state, a neutral 
state, a low speed forward state, and a reverse state. The mechanism preferably 
comprises a suitable gear train that allows an operator to select among at least the above- 
mentioned operating states. A bevel gear assembly 236 can be coupled with the 
mechanism. 

[0074] The mechanism also comprises a shift lever unit 240 that extends from 
the crankcase 174. The shift lever unit 240 preferably is connected to the rest of the 
change speed mechanism 177 within the crankcase 174 through a suitable linkage (not 
shown). The shift lever unit 240 preferably is placed generally within the space defined 
between the seats 68. The illustrated lever unit 240 is positioned generally at the forward- 
most portion of the space. Such placement facilitates ease of use. 
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[0075] The shift lever unit 240 preferably comprises a lever 244 and a lever 
cover 246. The lever 244 preferably is affixed to the frame 32 directly or indirectly for 
pivotal movement around a fulcrum. In one variation, the shift lever unit 240 can 
comprise a lever that moves axially. The driver thus can control the change speed 
mechanism in the crankcase 1 74 and vary the transmission operating state among at least 
the parking state, the high speed forward state, the neutral state, the low speed forward 
state, and the reverse state by operating the lever 244. 

[0076] Because of the advantageous configuration of the drive train relative to 
the shift lever unit 240, the shift lever unit 240 is positioned close proximity to the change 
speed mechanism of the transmission 144. The linkage thus can be short enough to make 
the change speed mechanism compact and also to improve the feeling that the driver 
might have when operating the shift lever unit 240. 

[0077] With reference to FIGURES 1-4, the output of the change speed 
mechanism 177 is transferred to the drive mechanism 146 through the bevel gear 236. In 
the illustrated arrangement, the bevel gear 236 is coupled with a forward intermediate 
shaft 248. The forward drive shaft 150 is pivotally coupled to the forward intermediate 
shaft 248 through a universal joint 250. That is, the universal joint 250 comprises a first 
yoke 252, a second yoke 254 and a cross pin 256 pivotally coupling the first and second 
yokes 252, 254. The forward driveshaft 150 is coupled with a forward differential input 
shaft 262 (FIGURE 4) of the forward differential 124. The forward differential input 
shaft 262 is coupled with the front wheels 56 through a differential mechanism formed 
within the forward differential 124. 

[0078] In tfre^llastrated arrangement, a rear intermediate shaft 258 also is 
connected to the bevel gear 236 through a suitable connection. The rear driveshaft 152 is 
connected to the rear intermediate shaft 258 through a splined coupling 260. Other 
couplings or a unitary shaft can also be used. The rear driveshaft 152 is coupled with a 
rear differential input shaft (not shown) of the rear differential 154. The rear differential 
input shaft preferably is coupled with the rear wheels 58 through another differential 
mechanism formed within the rear differential 154. 

[0079] The off-road vehicle 30 preferably has other devices, components and 
members. For example, the differentials can be selectively lockable such that the 
differential function can be eliminated on demand. Moreover, a brake system can be 
provided to slow or stop rotation of the wheels 56, 58 or another drive train component 
(e.g., the drive shafts). A brake pedal 270 (FIGURE 5) can be disposed next to the 
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accelerator pedal 196 and can be connected to brake units that are coupled with the 
wheels 56, 58. In some arrangements, the brake units dan comprise disk brake 
configurations. The driver thus can stop the off-road vehicle 30 by operating the brake 
pedal 270. 

[0080] In the illustrated arrangement, the engine 142 is located generally 
rearward of the change speed mechanism including the output shaft 216. Moreover, the 
engine is positioned generally rearward of, and lower than, the seating area. Thus, heat 
generated by the engine 142 can be substantially isolated from the driver and/or the 
passenger, and particularly isolated from the feet of those persons both when seating and 
when mounting or dismounting from the vehicle. In addition, the cylinder block 158, the 
cylinder head 160 and the cylinder head cover 170 in this arrangement generally are 
directed rearward and are positioned generally rearward of the occupants. Thus, it is very 
unlikely that the engine heat will affect the occupants of the vehicle. 

[0081] The exhaust system 168 carries a great deal of heat as well while the 
intake system 164 and the charge former, e.g., the throttle body 182, generally do not 
generate or conduct much heat. The intake system 164 and the charge former are 
generally protected from heat carried by the exhaust system 168 because the exhaust 
system 1684s positioned opposite to the intake system 164 in the illustrated arrangement. 
Thus, the engine heat and the exhaust heat can be generally isolated from the intake 
system 164 during forward operation of the off-road vehicle 30. The temperature of the 
intake air, therefore, is not greatly affected by the heat generated during operation of the 
off-road vehicle 30 and engine output efficiency can be kept in good condition. Along 
these lines, placement of a radiator preferably is generally below the air intake such that 
heat generated in the region of the radiator does not adversely affect engine performance 
through heating of the air inducted into the engine. 

[0082] Furthermore, in the illustrated intake system 164, the intake system 
1 64 generally does not extend along a heat generating or conducting surface of the engine 
142. Thus, the engine heat is generally isolated from the intake system 164 in this 
arrangement. Also, the illustrated air cleaner 188 is greatly spaced from the engine 142. 
As such, any air that is heated by the engine 142 and the exhaust system 168 will not be 
drawn into the air intake system 164, which improves the engine output efficiency. 
Additionally, due to the elevated nature of the air inlet and air cleaner 1 88, water also is 
very unlikely to be drawn into the intake system 164. Furthermore, because the air 
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cleaner 188 is positioned below the hood 134, water is unlikely to splash its way into the 
air cleaner. 

[0083] As illustrated, the exhaust conduits 208 extend along a relatively lower 
portion of the off-road vehicle 30 in the illustrated arrangement because the exhaust 
conduits 208 are directed generally downward and rearward instead a wrapping around 
from a forward or lateral surface of the engine . The exhaust conduits 208, thus, are 
sufficiently spaced apart from the driver and/or the passenger. As a result, the seats 68 
can be positioned closer to the engine 142, which allows a narrower overall construction 
for the vehicle or a closer mounting of the split seats 68. 

Framework And Related Part Of Suspension Mechanisms - 

[0084] With continued reference to FIGURES 1, 2, 5 and 6, and with further 
reference to FIGURES 7-13, the frame 32 and portions of the front and rear suspension 
mechanisms 60, 62 are described in greater detail below. 

[0085] As shown in FIGURES 2, 8 and 9, the main frame 34 extends fore to 
aft along the longitudinal center plane LC of the frame 32. The main frame 34 preferably 
comprises a center part 250, a front part 252 and a rear part 254. The center part 250 is 
_ positioned between the front and rear parts 252, 254 and generally under the passenger 
compartment defined by the compartment frame 40 and the floorboard 50. The center 
part 250 preferably is wider than either the front or rear part 252, 254 so as to support the 
floorboard 50. 

/ [0086] The front part 252 is positioned at the front end of the main frame 34 

and supports the front wheels 56 via the front suspension mechanism 60. The rear part 
254 is positioned at the rear end of the main frame 34 and supports the rear wheels 56 via 
the rear suspension mechanism 60. 

[0087] The illustrated main frame 32 can also be described as comprising a 
first group 258 of frame members and a second group 260 of frame members. The frame 
members belonging to the first group 258 can include the front members 42a and the first 
and second cross members 44a, 44b. The front members 42a are spaced apart from each 
other so as to interpose the longitudinal center plane LC and extend generally parallel to 
each other. The first and second cross members 44a, 44b are spaced apart fore to aft from 
each other and connect the front members 42a. 

[0088] The frame members belonging to the second group 260 can include the 
rear members 42b and the third and fourth cross members 44c, 44d. The rear members 
42b are spaced apart from each other so as to interpose the longitudinal center plane LC 
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and extend generally parallel to each other. The third and fourth cross members 44c, 44d 
are spaced apart fore to aft from each other and connect the rear members 42b. 

[0089] : The first and second groups 258, 260 are offset fore to aft relative to 
each other and overlap with each other. For example, in the illustrated embodiment, the 
rear section of the first group 258 and a front section of the second group 260 overlap. In 
the illustrated arrangement, the rear members 42b generally extend outside of the front 
members 42a. In other words, the rear members 42b extend farther from the longitudinal 
center plane LC than the front members 42b. 

[0090] Each rear member 42b preferably has a front end portion 264 that is 
bent inwardly toward the front member 42a and is connected to the front member 42a. 
For example, but without limitation, the front end portion 264 can be welded, bolted, 
screwed, or bonded to the front member 42a. The welded portion of the rear member 42b 
is located slightly forwarder than a front end of the compartment frame 40. 

[0091] Each front member 42a preferably has a rear end portion 266 that is 
bent outwardly toward the rear member 42b and is connected to the rear member 42a, in a 
manner described above with reference to the connection between the front end portion 
264 and the front member 42a. The connected portion of the front member 42a is located 
within a compartment area defined by the compartment frame 40. Thus, the first and 
second groups 258, 260 are combined together to form the single main frame 34. Also, 
the main frame 34 formed with the combined first and second groups 258, 260 preferably 
lie generally symmetrically relative to the longitudinal center plane LC. 

[0092] Front portions 270 of the front members 42a form the front part 252 of 
the main frame 34 as well as a fronf Wction of the first group 258. The rear members 42b 
extend rearward toward a rear end of the compartment area. The rear portions 272 of the 
front members 42a, which form the rear section of the first group 258, and middle 
portions 274 of rear members 42b together form the center part 250. 

[0093] Rear portions 276 of the rear members 42b preferably are bent 
inwardly toward the longitudinal center plane LC behind the compartment area, then 
extend rearward generally along the longitudinal center plane LC. In the illustrated 
embodiment, the rear portions 276 of the rear members 42b form the rear part 254 of the 
main frame 34. 

[0094] The front end portions 264 of the rear members 42b and the portions of 
the rear members 42b that are positioned in front of the connections to the front members 
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42a, form the front section of the second group 260. The remainder of the rear members 
42b form a rear section of the second group 260. 

[0095] The front section of the first group 258 preferably is interposed 
between the front wheels 56. Also, the rear section of the second group 260 preferably is 
interposed between the rear wheels 58. 

[0096] The engine unit 148 preferably is mounted on and affixed to the second 
cross member 44b and the third cross member 44c directly or with one or more bracket 
members (not shown). Preferably, the floorboard 50 generally extends over the rear 
portions 272 of the front members 42a and the middle portions 274 of the rear members 
42b. - 

[0097] As thus described, in the illustrated arrangement, the rear end portions 
266 of the front members 42a and the front end portions 264 of the rear members 42b are 
bent. However, the curvature of each end portion 264, 266 is relatively small. Also, each 
member 42a, 42b has only one bend. Thus, the members 42a, 42b retain sufficient 
stiffness against bending, even though they include a bend. 

[0098] Also, by having such bends, the members 42a, 42b can be spaced apart 
from each other, thereby providing enhanced support for the floorboard 50. Thus, the 
combination of the first and second groups 258, 260 of frame members can contribute to 
provide sufficient stiffness of the frame 34 without excessive increases in production 
costs. 

[0099] In addition, the manufacture of illustrated main frame 34 remains 
practicable because of the relatively small bend used in the front and rear end portions 
264, 266. Additionally, this configuraftori^allows for conventional coupling of the first 
and second groups 258, 260 with methods such as a welding process. Thus, the 
production cost of the off-road vehicle 30 can remain practicable. 

[0100] In one alternative, the first and second groups 258, 260 can be reversed 
such that the front section of the first group 258 defines a rear part of the main frame 34 
and the rear section of the second group 260 defines a forward part of the main frame 34. 

[0101] Optionally, the first group 258 can have members extending farther 
from the longitudinal center plane LC than members of the second group 260. That is, 
the members 42b can be placed more inward than the members 42a. 

[0102] In another alternative, the bends at the front ends 264 of the members 
42b and/or the rear ends 266 of the members 42a can be omitted. For example, the 
members 42a, 42b lie against each other. Optionally, the contacting portions of these 
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members can be connected with each other entirely or partly. For example, these 
contacting portions can be welded together. 

[0103] Preferably, the illustrated members 42a, 42b are generally rectangular 
in section with generally vertical surfaces and generally horizontal surfaces. The vertical 
surfaces preferably are longer than the horizontal surfaces in the illustrated arrangement. 
Because of this configuration, the members 42a, 42b can have high stiffness in bending 
about a generally horizontal bending axis. In some arrangements, the horizontal surfaces 
can be longer than the vertical surfaces. In further variations, the members 42a, 42b can 
have a circular or oval section. Additionally, the members 42a, 42b can have 
configurations other than the tubular shape such as, for example, a U or C-shaped section. 
Additionally, the front and rear frames 36, 38 can have the optional shapes noted above 
with respect to the main frame 34. 

[0104] With reference to FIGURES 1, 2, 7-9 12 and 13, the rear frame 38 
preferably comprises a pair of seat frame sections 280 (FIGURES 7 and 8) and a pair of 
rear suspension support sections 282. Each seat frame section 280 preferably is formed in 
a front part of the rear frame 38 and defines the foregoing seat pedestal. Each rear 
suspension support section 282 preferably is formed in a rear part of the rear frame 38 and 
supports the rear suspension mechanism 62. 

[0105] Each seat frame section 280 preferably includes a front portion of the 
foregoing rear frame member 46, front and rear struts 286, 288 and a seat pedestal unit 
290. The rear frame member 46 has a shape similar to the rear half of the rear member 
42b and generally extends above and parallel to the rear half of the rear member 42b. The 
illustrated rear frame member 46 is a mefttbef and has a rectangular shape in section. 
Other configurations, as noted above, can also be used. 

[0106] The front and rear struts 286, 288 extend vertically from the rear 
member 42b toward the rear frame member 46 to couple the rear frame member 46 to the 
rear member 42b. Each strut 286, 288 preferably is U-shaped in section. The front strut 
286 can be connected, by welding or other means for example, to a portion of the rear 
member 42b adjacent to the connection between the rear end portion 266 and the front 
end of the rear frame member 46. The rear strut 288 can be connected by welding or 
other means, for example, to a portion at a rear end of the middle portion 274 of the rear 
member 42b. Additionally, the rear strut 288 can be connected to a portion at a rearward 
portion of the rear frame member 46. 
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[0107] Each seat pedestal unit 290 preferably includes a plurality of members. 
One of the members can be a base member 296 that extends outward from the rear 
member 42b at the end of the middle portion 274 to the compartment member 48. 
Additionally, the base member 296 can extend upwardly to the framed member 46. The 
base member 296 can have a rectangular shape in section, or any other shape. 

[0108] With reference to FIGURES 7 and 12, the seat pedestal unit 290 can 
also comprise a rear pedestal member 297 that comprises a plurality panels. For example, 
the rear pedestal member 190 can comprise a plurality of pieces of sheet metal combined 
together and extending transversely between a portion of the rear frame member 46 and a 
top end of the base member 296. The sheet metal pieces preferably are welded with each 
other. Additionally, the seat pedestal member 297 preferably is welded to the rear frame 
member 46 and the rest of the seat support unit 290. The seat 68 can be positioned above 
the front portion of the rear frame member 46 and the seat support unit 290 including the 
seat pedestal member 297. 

[0109] Inwardly- facing lateral sides of the respective seat pedestal members 
297 are spaced apart from each other to interpose the longitudinal center plane LC 
therebetween. A reinforcement member 300 preferably extends between the seat pedestal 
members 297. The reinforcement member 300 preferably comprises a member 302 that 
has a rectangular shape in section and a pair of L- shaped brackets 304 disposed on both 
sides of the tubular bar 302. The illustrated brackets 304 can be welded to the tubular bar 
302 so as to unitarily form the reinforcement member 300 together with the tubular bar 
302. Other connection methods can also be used. 

[0110] A further advantage is pro vitted -where the reinforcement member 300 
is detachably affixed to the inward lateral sides of the seat pedestal members 297. For 
example, detachable connections can be provided at the brackets 304 by bolts 306. Other 
detachable connection devices can also be used. The illustrated tubular bar 302 of the 
reinforcement member 300 extends adjacent to the engine unit 148. As such, the 
reinforcement member 300 provides additional strength to the frame 32 and aids in 
protecting the engine unit 148, yet allows a mechanic or repair person to remove the 
reinforcement member 300 to access the portion of the engine unit 148 for maintenance 
or repairs. [ 

[0111] In the illustrated embodiment, the reinforcement member 300 extends 
above the cylinder head cover 170 as shown in FIGURE 5, for example. However, the 
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reinforcement member 300 can extend along side of other portions of the engine unit 148 
depending bn the configuration and orientation of the engine unit 148. 

[0112] Because the engine unit 148 is mounted oh the second and third cross 
members 44b, 44c, the middle portions 274 of the rear members 42b, the front portions of 
the rear frame members 46, the front and rear struts 286, 288, the seat pedestal unit 290 
and the reinforcement member 300 extend adjacent to the engine unit 148, and together, 
generally surround the engine unit 148. Thus, the frame components 44b, 44c, 274, 42b, 
46, 286, 288, 290, 300 cooperate to enhance stiffness of the frame 32, particularly 
portions thereof around the engine unit 148. 

[0113] The cylinder head cover 170 and- the cylinder head 160, which is 
disposed below the cylinder head cover 170, are detached for certain maintenance 
procedures. Because the tubular bar 302 of the reinforcement member 300 is positioned 
above the cylinder head cover 170, the detachable reinforcement member 300 can provide 
such a mechanic with easy access to the particular portions (i.e., cylinder head 160 and 
cylinder head cover 170) of the engine unit 148. Also, the reinforcement member 300 
can be easily detached because the reinforcement member 300 is positioned above the 
engine unit 148. The mechanic only needs to remove the carrier 92 from an area around 
the reinforcement member 300. 

[0114] In addition, the illustrated reinforcement member 300 can be easily 
detached and re-attached because of the simple fastening construction that only includes 
the bolts 306 and nuts, or other detachable connection devices. After re-attachment, the 
reinforcement member 300 again contributes to provide the stiffness of the frame 32 
together with other frame members. 

[0115] With continued reference to FIGURES 1, 2, 7-9, 12 and 13, rear 
wheels 58 depend from a rear-most portion of the frame 32 that includes a rear portion 
308 of the rear frame 46 and the rear portion 276 of the rear member 42b on each side. 
As shown in FIGURE 8, each rear portion 308 of the rear frame 46 extends slightly 
farther or more outward from the longitudinal center plane LC than each rear portion 276 
of the rear member 42b. That is, the respective rear portions 308 are spaced apart from 
each other wider than the respective rear portions 276 which also are spaced apart. 

[0116] A set of suspension support members or suspension retainers 310, 312 
connect the rear portion 308 of the rear frame 46 and the rear portion 276 of the rear 
member 42b with each other on each side. The illustrated suspension support members 
310, 312 can be welded to the rear frame 46 and the tubular member 42b to form part of 
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the framework of the frame 32. The suspension support members 310, 312 are spaced 
apart from each other fore to aft and the support member 310 is positioned forwardly of 
the support member 312. Because of the offset arrangement of the rear frame 46 and the 
rear member 42b at the rear portions 308, 276, the suspension support members 310, 312 
are slightly inclined outward and upward. 

[0117] As shown in FIGURES 12 and 13, each support member 310, 312 is 
configured as a U-shape and thus has a bottom surface 314 and side surfaces 316. The 
bottom surface 314 faces the longitudinal center plane LC while the side surfaces 316 
extend outward from the bottom surface 314 and lie generally normal to the bottom 
surface 314. The side surfaces 316 thus oppose each other. The bottom surface 314 
abuts the rear frame 46 and the rear member 42b. The support members 310, 312 are 
affixed to the rear frame 46 and the rear member 42b at the bottom surfaces 314. 

[0118] The rear suspension mechanism 62 on each side connects each rear 
wheel 58 with the frame 32 independently or separately from the rear suspension 
mechanism 62 on the other side. Each rear suspension mechanism 62 preferably is a 
double wishbone type that comprises a pair of rear suspension arms 318, 320, a link 322 
and a damper or shock absorber (not shown). 

[0119] Each suspension arm 318, 320 is generally configured as a V- or A- 
shape. The suspension arm 318 is disposed above the other suspension arm 320 and the 
link 322 connects the arms 318, 320 with each other. The pivot connection between each 
arm 318, 320 and the link 322 permits the resulting assembly to function as a 
parallelogram linkage system. The link 322 has an aperture 324 at a center portion 
thereof. The axle of the rear wheel 58 is journaled in theaperture 324. A top end portion 
364a of the link 364 is coupled with the upper suspension arm 360, while a bottom end 
portion 364b of the link 364 is coupled with the lower suspension arm 362. The damper 
is disposed between the upper suspension arm 320 and the rear frame 38 to damp shock 
that occurs while the off-road vehicle 30 proceeds over rugged terrain. 

[0120] The upper suspension arm 318 preferably is connected to mid portions 
of the suspension support members 310, 312. The lower suspension arm 320 is connected 
to bottom portions of the suspension support members 3 10, 3 12. Respective arm portions 
of the lower suspension arm 320 preferably are longer than respective arm portions of the 
upper suspension arm 3 1 8 because of the outwardly inclined arrangement of the support 
members 310, 312. That is, the upper portion of each suspension support member 310, 
312 is positioned farther outward from the longitudinal center plane LC than the 
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respective lower portions of the support members 310, 312. As a consequence of the 
different lengths in the suspension arms 318, 230, the axle of each rear wheel 58 extends 
generally horizontally as the respective suspension system moves up and down. 

[0121] Each distal end of the suspension arms 318, 320 has a mount member 
328. Each mount member 328 is interposed between the side surfaces 316 of the 
respective suspension support member 310, 312. A pin 330 extends through the 
corresponding side surfaces 316 and the mount member 328 at each mount structure to 
hold each suspension arm 3 1 8, 320 for pivotal movement. 

[0122] The rear wheels 58 thus can swing up and down generally 
perpendicularly relative to the frame 32 and independently of each other while the off- 
road vehicle 30 proceeds over rugged terrain. 

[0123] In alternative arrangements, the mount members 328 of the upper and 
lower suspension arms 318, 320 can be positioned at any level of the support members 
310, 312. For example, the mount members 328 of the upper suspension arm 318 can be 
positioned toward the top end of the support members 310, 312. In this arrangement, the 
mount members 328 of the lower suspension arm 320 are shifted upward with the mount 
members 328 of the upper suspension arm 318. 

[0124] The illustrated rear suspension mounting construction thus can provide 
various vertical positions (i.e., elevations) of the suspension arms 318, 320 without 
changing the a major portion of the fundamental framework of the off-road vehicle 30 or 
without requiring rearrangement of the fundamental framework. In one preferred 
arrangement, a plurality of apertures are spaced apart vertically on the side surfaces 316 
of the support members 310, 312. One set of apertures lean "be selected to journal the 
mount members 328 so as to select the axle position at any desirable level. 

[0125] In the illustrated arrangement, no specific brackets for the mount 
members 328 are necessary because the mount members 328 are directly affixed to the 
support members 3 1 0, 3 1 2. Thus, the number of weld joints, for example, can be reduced 
to keep the frame 32 strong. Production cost of the off-road vehicle 30 also can be 
reduced, accordingly. Additionally, the roll resistance of the off-road vehicle 30 while 
turning can be greatly improved where the support members 310, 312 are inclined 
outward and the lower suspension arm 320 is longer than the upper suspension arm 3 1 8. 

[0126] With reference to FIGURES 1, 7 and 9- 1 1, the front wheels 56 depend 
from a forward-most portion of the frame 32 that includes the front portions 270 of the 
front tubular members 42a and support members 332, 334. The support members 332, 
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334, however, are not specifically provided for supporting the front wheels 66 and are 
primarily apart of the framework of the front frame 36. 1 

[0127]. As shown in FIGURE 9, each support member 332 extends generally 
vertically upward from the front member 42a and then turns rearward along the hood 134. 
The front support members 332 support a transverse member 336 together with another 
frame member 338. The rear support members 334 are spaced apart rearward from the 
front support members 332 and are disposed in front of the frame member 338. The rear 
support members 334 extend upward toward upper portions of the front support members 
332 and support transverse members 340, 342. A reinforcement member 344 extends 
between the support members 332, 334 to reinforce those members 332, 334 on each side. 

[0128] In the illustrated arrangement, the support members 332, 334, the 
transverse members 336, 340 and the frame member 338 each have a U-shaped or 
rectangular in cross-section. The reinforcement members 344 can be formed from pieces 
of sheet metal that have flat surfaces. Side surfaces 348, 350 of the support members 
332, 334 can also be flat. Those frame components 332, 334, 338, 340, 342, 344 
preferably are welded together at portions where the members meet. Other connections 
methods and/or structural members can also be used. 

-- [0129] Additionally, a bumper member 356 (FIGURE 1) extends forward and 
upward from the front end of the main frame 34 toward a location in front of the hood 
134. As such, the bumper member 356 protects the frame 32, the hood 134 and other 
components disposed under or around the hood 134 from obstacles or the like. 

[0130] The front suspension mechanism 60 on each side connects each front 
wheel 56 with the frame 32 independently or separately from- the front suspension 
mechanism 60 on the other side. Like the rear suspension mechanism 62, each front 
suspension mechanism 60 preferably is a double wishbone type. The front suspension 
mechanism 60 preferably comprises a pair of front suspension arms 360, 362, a link 364 
and a damper or shock absorber (not shown). 

[0131] With reference to FIGURE 10, each suspension arm 360, 362 is 
configured generally as a V- or A-shape. The suspension arm 360 is disposed above the 
other suspension arm 362 and the link 364 (shown in phantom) connects the arms 360, 
362 to each other to form generally a parallelogram linkage, as described above. The link 
364 has an aperture 366 at a center portion thereof. 

[0132] The axle of the front wheel 56 is journaled in the aperture 366. A top 
portion 364a of the link 364 is coupled with the upper suspension arm 360, while a 
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bottom end portion 364b of the link 364 is coupled with the lower suspension arm 362. 
The damper is disposed between the upper suspension arm 360 and the main frame 34 to 
dampen shocks that occur while the off-road vehicle 30 proceeds over rugged terrain. 

[0133] First and second brackets 370, 372, which together form a bracket unit, 
are affixed onto the side surfaces 348, 350 of the support members 332, 334, respectively, 
on each side of the frame. The first and second brackets 370, 372 form a set of retainers 
that retains the upper suspension arm 360. The first and second brackets 370, 372 
preferably each have a generally U-shape. Each bottom surface of the U-shape preferably 
welded to each side surface 348, 350 of the support members 332, 334. Other connection 
methods and/or devices (e.g., fasteners) can be used to connect thebrackets 370, 372 to 
the support members 332, 334. 

[0134] Preferably, both the brackets 370, 372 are disposed close to the 
reinforcement member 344. Additionally, the first bracket 370 preferably is positioned 
slightly higher than the second bracket 372. Also, both the brackets 370, 372 preferably 
are slightly inclined such that each bottom is disposed farther forward than the respective 
top. In one variation, the first and second brackets 370, 372 can be unitarily formed so as 
to be a single bracket and can be affixed to the reinforcement member 344 in the slightly 
inclined position. 

[0135] Third and fourth brackets 376, 378, which also together form a bracket 
unit, are affixed onto a vertical side surface 352 of the respective front member 42a on 
each side of the frame. The third and fourth brackets 376, 378 form a set of retainers that 
retains the lower suspension arm 362. The vertical side surface 352 extends generally 
vertically and is positioned outside of the front tubular member 42^ he., opposite to the 
longitudinal center plane LC. The third bracket 376 is disposed generally under and 
slightly rearward from the first bracket 376. The fourth bracket 378 is spaced apart 
rearward from the third bracket 376. A distance between the third and fourth brackets 
376, 378 preferably is greater than a distance between the first and second brackets 370, 
372. 

[0136] The third and fourth brackets 376, 378 can each have a U-shape. One 
end of the side surfaces of the U-shape of the third bracket 376 is welded to a vertical 
surface of the front member 42a and is orientated so as to open upwardly (i.e., a lower 
wall section of the U-shape extends across the lower side of the third bracket 376). Other 
connection methods and/or devices can also be used. 
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[0137] One end of the side surfaces of the fourth bracket 378 is welded to the 
front member 42a and is oriented so as to open downwardly (i.e., an upper wall section of 
the U-shape extends across the upper side of the fourth bracket 376). Other connection 
methods and/or devices can also be used. Additionally, both the third and fourth brackets 
376, 378 are inclined such that the bottom of each is slightly forward of the respective top 
end. Like the first and second brackets 370, 372, in one variation, the third and fourth 
brackets 370, 372 can be unitanly formed so as to be a single bracket and can be affixed 
to the front tubular member 42a in the slightly inclined position. 

[0138] The upper suspension arm 360 is connected to the first and second 
brackets 370, 372. The lower suspension arm 362 is connected to the third and fourth 
brackets 376, 378. Respective arm portions of the lower suspension arm 362 preferably 
are longer than respective arm portions of the upper suspension arm 360. 

[0139] Each distal end of the upper suspension arm 360 has a mount member 
382. The mount member 382 on each end of the upper suspension arm 360 is interposed 
between the side surfaces of the first and second brackets 370, 372. A pin 384 extends 
through the side surfaces of the brackets 370, 372 and the mount member 382 to support 
and journal the suspension arm 360_ for pivotal movement. The pin 384 for the first 
bracket 370 is positioned slightly higher than the pin 384 for the second bracket 3-72 
because the first bracket 370 preferably is positioned slightly higher than the second 
bracket 372, as noted above. 

[0140] Each distal end of the lower suspension arm 362 includes a mount 
member 388. The mount member 388 on each end is interposed between the side 
surfaces of the third and fourth brackets 376, 378. A pin 390 extend^through the side 
surfaces of the brackets 376, 378 and the mount member 388 to support and journal the 
suspension arm 362 for pivotal movement. The pin 390 for the third bracket 376 is 
positioned slightly higher than the pin 390 for the fourth bracket 378 because, as noted 
above, the third bracket 376 opens upwardly and the fourth bracket 378 is opened 
downwardly. 

[0141] The axes of the pins 384, 390 are slightly inclined upwardly and 
forwardly. The axes of the pins 384, 390 also extend generally parallel to each other. 
Further, the bottom end portion 364a of the link 364 is positioned slightly further forward 
than the aperture 366 of the link 364. Additionally, the aperture 366 is positioned slightly 
forward of the top end portion of the link 364. 
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[0142] As thus constructed in the illustrated embodiment, the front wheels 56 
can swing up and down relative to the frame 32 and independently with each other while 
the off-road vehicle 30 proceeds over rugged terrain. 

[0143] The inclination of the axes of the pins 384, 390, which places the 
bottom end portion 364b of the link 364 forward of the tope end portion 364a thereof, is 
advantageous because the off-road vehicle 30 can provide enhanced stability when the 
front wheels 56 run over obstacles. Further, the individual brackets 370, 372, 376, 378 
can be positioned at any level (i.e., elevation). The illustrated front suspension mounting 
construction thus can provide various swing angles of the front suspensions without 
changing the major or fundamental framework of the off-road vehicle 30. 

[0144] The flat vertical side surface 352 of the front tubular member 42a is 
advantageous to fix the brackets 376, 378 thereto. In addition, because the front tubular 
member 42a has such a simple rectangular parallelepiped shape, the production cost of 
the tubular member 42a can be relatively small and the front tubular member 42a can 
rigidly support the brackets 376, 378. In some alternatives, however, the front tubular 
member 42a can have any configurations, although the brackets 376, 378 preferably will 
have corresponding configurations that suit the configurations of _the front tubular 
member 42a. 

[0145] Although this invention has been disclosed in the context of certain 
preferred embodiments and examples, it will be understood by those skilled in the art that 
the present invention extends beyond the specifically disclosed embodiments to other 
alternative embodiments and/or uses of the invention and obvious modifications and 
equivalents thereof. In particular, while the present suspension system has Been described 
in the context of particularly preferred embodiments, the skilled artisan will appreciate, in 
view of the present disclosure, that certain advantages, features and aspects of the 
suspension system may be realized in a variety of other applications, many of which have 
been noted above. Additionally, it is contemplated that various aspects and features of 
the invention described can be practiced separately, combined together, or substituted for 
one another, and that a variety of combination and sub-combinations of the features and 
aspects can be made and still fall within the scope of the invention. Thus, it is intended 
that the scope of the present invention herein disclosed should not be limited by the 
particular disclosed embodiments described above, but should be determined only by a 
fair reading of the claims that follow. 
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